1. Fresh ox-brain homogenate prepared under standard conditions at 4°C and stored at -20°C autoxidizes spontaneously and reproducibly when re-heated to 37°C.
The homogenate is centrifuged for 15 min at 1000 g. The supernatant fluid is transferred to to 20 ml disposable containers. These are stored at -20°C for up to 8 weeks.
A utoxidation
A sample of the stock brain homogenate is thawed at room temperature and immediately diluted with three times its volume of phosphate-saline buffer. Portions (5 ml) of the dilute homogenate are transferred into a series of containers. Samples (50 pl) of serum (or other test fluid) or phosphate-saline buffer (control) are added. Aliquots for zero-time malonyldialdehyde (MDA) estimations are removed immediately. The containers are then transferred to a 37°C water bath and incubation is continued for exactly 1 h.
MDA estimation
MDA concentrations in the zero-time and I h aliquots are measured by the thiobarbituric acid reaction (Sinnhuber & Yu, 1958; . Trichloroacetic acid (2 ml; 280 g/l) is added to 4 ml of homogenate and the precipitated protein removed by centrifugation.
Supernatant (4 ml) is heated with 1 ml of 10 g/1 (w/v) thiobarbituric acid for 15 min at 100°C. Absorbance is measured at 532 nm.
Antioxidant activity
The AOA of serum is expressed in terms of percentage inhibition of spontaneous autoxidation (as measured in the control homogenate). The calculation is based on the following equation :
nmol of MDA/ml (test) -nmol of MDA/ml (0 time) nmol of MDA/ml (control) -nmol of MDA/ml (0 time)
Reproducibility
The reproducibility of the assay was investigated both as between different brain preparations obtained at different times and between parallel samples. The limits of linearity of the antioxidant effect of serum and of other biological fluids and the precision of the measurements were established.
R E S U L T S
Production of MDA by the ox-brain homogenate when thawed and re-heated to 37°C is shown in Fig. 1 . The mean zero-time MDA concentration in the diluted homogenate in six brains collected and processed at different times over an 8-month period was 1.22 nmol/ml , and the mean MDA concentration after 1 h incubation was 9.2 nmol/ml (SD 0.1 1 nmol). The effect of storage at -20°C is shown in batch of homogenate should be within F5% of the result in the unstored initial sample.
We regard a base-line (zero time) MDA concentration of 2.5 nmol/ml of standard homogenate as the upper limit of acceptability: i.e. a new batch of homogenates must be prepared from a fresh brain when the base-line MDA approaches this value. 
Eflect o j p H and temperature on the rate o j autoxidation
The autoxidation rate rises steeply between pH 5 and 6, reaching a maximum at about pH 6-2 (Fig. 2) .
The effect of temperature was examined by following the course of MDA production at 0", 20°, 31" and 56°C. Within the 2 h period of observation, the rate of MDA production was constant at the two lower temperatures; at the higher temperatures the rate, initially greater than at the lower temperatures, fell with time and a plateau of MDA concentration was reached (Fig. 3) . Relationship between autoxidution and homogenate concentration The effect of altering the dilution of brain homogenate on MDA production is shown in Fig. 4 . With very low concentrations of homogenate (not shown in the figure) MDA production per gram of homogenate rose to a maximum and then (Fig. 4) fell as homogenate concentration was increased.
Antioxidant activity
The effect of pooled normal serum on the time-course of autoxidation of the standard brain homogenate is illustrated in Fig. 1 . The dose-dependence of the AOA of normal serum is shown in Fig. 5 . The coefficient of variation of serum AOA measurements with the same brain hornogenates is 5.3% and with different brain homogenates is 7.9%. Serum AOA is not impaired by storage at 4°C for 48 h or by storage at -20" C for up to 1 month.There is no significant difference between the AOA of serum and of heparinized plasma. The AOA of normal cerebrospinal fluid and of synovial fluid from 'non-inflammatory' effusions is shown in Table 2 .
D I S C U S S I O N
The term antioxidant should probably not be used without specifying the autoxidizing system to which the inhibitory action refers. All polyunsaturated lipids in the presence of water are intrinsically liable to interact with molecular oxygen and then undergo a complex sequence of secondary fragmentation; but both the overall pattern and the details of this process vary in different types of lipid preparation. The same is true of the action of inhibitors. The im-portance of the antioxidant nature of serum and of other biological fluids lies in their possible antioxidant activity in vim, and ideally this would be measured against autoxidizing lipids forming part of cells or some other organized biological structure. At the experimental level such preparations have, in fact, provided valuable information; but they are impractical for use in a standard assay. At the other extreme lipid emulsions can be prepared simply and reproducibly and their autoxidation can be delayed by the addition of serum. Yet this delay illustrates the limitation of measurements based on such systems. The autoxidation of fatty acid emulsions is a kinetically complex process in which it is nevertheless possible to distinguish three separate phases : first, a latent period of 'induction'; secondly, an explosively fast autocatalytic phase; thirdly, a phase of rapid deceleration (Holman, 1954; Waters, 1972) . Moreover, when such a system is used for measuring the efficiency of antioxidants it is usually necessary to add at zero time a chain initiator (e.g. a transitional metal salt or complex). By contrast, in the autoxidation of tissue lipids there is no clear-cut latent period and there is no clear evidence of a truly autocatalytic phase (Barber & Bernheim, 1967; Dormandy, 1969 McMurray & Dormandy, 1974) . Two groups of factors, neither fully understood, may account for this. First, the polyunsaturated fatty acids of tissues exist largely in the form of protein or other partly hydrophilic complexes. Secondly, biological material contains a wide variety of substances-transitional-metal complexes, organic acids such as ascorbic, thiol compounds-which create a more stable oxidant/antioxidant potential than exists in simple lipid emulsions. Whatever the explanation, it cannot be assumed that measurements of antioxidant potency against one type of autoxidation can be meaningfully applied to the other.
Although more akin to organized living tissue than lipid emulsions, the use of tissue homogenates is also open to a valid objection. Such assays cannot reflect one important biological antioxidant mechanism-molecular organization, and it is still uncertain how serious this limitation is. Allowing for this, the ox-brain preparation described in the present paper offers several advantages. Apart from such practical considerations as the ease of obtaining relatively large amounts of fresh material and the comparative simplicity of the initial processing, it requires no extraneous catalyst; and, under simple standard conditions, its rate and pattern of spontaneous autoxidation is remarkably regular, precise and reproducible.
The classical thiobarbituric acid-MDA reaction as a measure of polyunsaturated lipid autoxidation has been re-investigated by several groups of workers (Dahle, Hill & Holman, 1962; Saslow, Corwin & Waravdekar, 1966; Baker & Wilson, 1966; Franz & Cole, 1966; Slater, 1972; Bidlack & Tappel, 1973 ; . Chromatographic evidence has shown that the reaction measures at least nine distinct autoxidation products , and some workers now use the term 'thiobarbituric acidreactive products' in preference to 'MDA ' (e.g. Dillard & Tappel, 1973) . However, the overall rate of generation of these compounds under standard conditions undoubtedly reflects lipid autoxidation (Bidlack & Tappel, 1973) , and, with the proviso that 'MDA' may represent a group of related water-soluble peroxidation fragments rather than a single fragment, we prefer, for the time being, to use the older term. The work reported here was undertaken to test the suitability of brain homogenate as an assay system for measuring antioxidant activity rather than to study the autoxidation of brain homogenate as such; but some characteristic features of the latter process may be noted. Although centrifugation of the homogenate and the use of the supernatant makes the assay more reproducible, there is usually little difference between the rate of autoxidation of an unspun fresh homogenate (containing a higher proportion of cell debris) and of the supernatant. The heating of the supernatant to 90°C for 5 min before incubation at 37°C has little effect on the rate of autoxidation, underlining the essentially non-enzymic character of the process. The non-linear relation between the rate of autoxidation and the homogenate concentration (in an aqueous buffer) (Fig. 4) is an incompletely understood but characteristic feature of the autoxidation of most biological preparations McMurray & Dormandy, 1974) .
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